Delphinidin 3-O-a-rhamnoside, malvidin 3-O-(6 HH -O-a-rhamnopyranosyl-b-glucopyranoside) and the 3-O-(6
Introduction
Vaccinium padifolium is a deciduous shrub endemic to Madeira island (Portugal). Its berries have been used as food preserves and in local ethnopharmacology (cough, colds, bronchitis, dysentery) (Rivera & OboÂ n, 1995) , and exported for commercial production of ophthalmic specialities (Vieira, 1992) . We have recently reported twenty dierent anthocyanins, including the 3-O-b-glucopyranosides, 3-O-b-galactopyranosides, 3-O-b-arabinopyranosides and 3-O-sambubiosides (2 HH -O-b-xylopyranosyl-O-bglucopyranosides) of delphinidin, cyanidin, petunidin, peonidin and malvidin to occur in its berries (Cabrita & Andersen, in press) .
The aim of this study is to present the isolation and structure elucidation of ®ve additional anthocyanins in V. padifolium, which have not been reported in this genus before, including two novel anthocyanidin 3-triglycosides.
Materials and methods

Extraction and separation
Ripened berries of Uveira, (Vaccinium padifolium) (Ericaceae) were collected in Madeira island (Portugal) in October 1995 and stored at À20 C. The berries (100 g) were extracted ten times with 100 ml MeOH containing 1% TFA at 4 C. The combined extract was ®ltered, concentrated under reduced pressure and partitioned against ethyl acetate. The puri®ed extract was then adsorbed on a column packed with Amberlite XAD-7, washed with water, eluted with MeOH containing 0.1% TFA and dried. The sample was fractionated on a Sephadex LH-20 column (1000Â50 mm) using step elution with 20±60% MeOH±H 2 O (containing 0.1% TFA) and the collected fractions were further puri®ed by semi-preparative HPLC.
HPLC and TLC
Analytical and semi-preparative high performance liquid chromatography (HPLC) separations were performed on a HP-1050 module system (Hewlett±Pack-ard) using an ODS Hypersil column (200Â4.6 mm, 5 mm) and diode array detection. Two solvents were used for elution: A. HCO 2 H:H 2 O (1:9, v/v); B. MeOH:H-CO 2 H:H 2 O (5:1:4, v/v). Analytical HPLC: the elution pro®le was 0±4 min, 10% B in A (isocratic); 4±21 min, 10±100% B in A (linear gradient), 21±25 min, 100% B (isocratic). The¯ow rate was 1.2 ml min
Àl . Semi-preparative HPLC: 0±4 min, 10% B in A (isocratic); 4±30 min, 10±100% B, 30±35 min, 100% B. Prior to injection all samples were ®ltered through a 0.45 mm Millipore membrane ®lter. Peak percentages were estimated from several HPLC chromatograms obtained using gradients 0308-8146/00/$ -see front matter # 2000 Elsevier Science Ltd. All rights reserved. P I I : S 0 3 0 8 -8 1 4 6 ( 9 9 ) 0 0 2 3 0 -7 
Spectroscopy
UV-vis absorption spectra (240±600 nm, 2 nm steps) were recorded in 0.01% conc. HCl in MeOH. On-line absorbance signals were recorded for every second nm between 500 and 540 nm.
The NMR experiments (DQF-COSY, 1D TOCSY, 1 H-13 C HSQC, 1 H-13 C HMBC, 13 C SEFT) were obtained at 600.13 and 150.92 MHz for 1 H and 13 C, respectively, on a Bruker DRX-600 instrument at 25 C. The deuteriomethyl 13 C signal and the residual 1 H signal of the solvent (CF 3 CO 2 D:CD 3 OD; 1:19, v/v) were used as secondary references (49.0 and 3.4 ppm from TMS, respectively).
Results and discussion
The berries were extracted with an acidi®ed methanolic solution. The extract was puri®ed by liquid±liquid partition and washed on XAD-7. The eluate was concentrated under vacuum to dryness (1.2 g), and separation of the sample (1.0 g) on Sephadex LH-20 yielded 44 fractions that were analysed by TLC and analytical HPLC. After further puri®cation by semi-preparative reversed-phase HPLC, fractions 4±7 yielded pigments 1 (1.1 mg), 2 (3.3 mg) and 4 (2.5 mg); fractions 6±9 aorded (1), peonidin (4) and petunidin (2), malvidin 3-rutinoside (5) and delphinidin 3-rhamnoside (3) pigment 5 (4.9 mg), and pigment 3 (7.5 mg) was recovered from fractions 35±37 ( Table 1) . The low-®eld part of the 1 H NMR spectrum of 4 showed 6 resonances (see Table 2 ). On the basis of chemical shifts and coupling-patterns, the signals of the AMX system at 8.14, 7.14 and 8.49 ppm were assigned to H-2 H , H-5 H and H-6 H , respectively, the 2H AX system at 7.03 and 6.77 ppm to H-8 and H-6, and the singlet at 9.04 ppm to H-4. Together with the 3H singlet at 4.12 ppm (OMe), which in the HMBC spectrum correlated with C-3 H (4.1/149.8 ppm) (Fig. 1) , these assignments con®rmed the identity of the aglycone to be peonidin.
The anomeric proton signals in the 1 H NMR spectrum of 4 appear considerably down®eld for the other sugar resonances, and thus the three doublets at 5.53, 4.86 and 4.73 ppm, together with the integration data, de®ned a 1:1:1:1 ratio between the peonidin aglycone and the three sugars. Starting from the doublet at 4.73 ppm (H-1 IV ) the observed crosspeak with the signal at 3.85 ppm in the DQF-COSY permitted assignment of H-2. The chain of coupled protons H-2, H-3, H-4, H-5 and H-6, was, thereafter, assigned using the same spectrum (Table 2 ). Subsequently the chemical shifts of the corresponding carbon atoms (Table 3) were assigned from the HSQC experiment, which together with 1 H-1 H coupling constants were in agreement with an a-linked rhamnopyranosyl. On the basis of a combination of COSY, TOCSY, HSQC, HMBC and SEFT NMR spectra it was possible to assign all the 1 H (Table 2 ) and 13 C (Table 3) resonances of the other sugar moieties, which were determined to be b-glucopyranosyl and bxylopyranosyl units. The HMBC spectrum of 4 revealed cross-peaks establishing that the glucosyl was attached to the aglycone 3-position H-1 HH /C-3, 5.6/145.4 ppm), while the xylosyl and rhamnosyl residues were attached to the 2 HH -(H-1 HHH /C-2 HH , 4.9/81.4 ppm) and the 6 HH -positions (H-1 IV /C-6 HH , 4.8/67.7 ppm) of the glucosyl moiety, respectively (Fig. 1) . Thus, the identity of 4 was found to be peonidin 3-O-(6
The 1 H and 13 C shifts of 2 (Tables 2 and 3) were assigned by the same one-and two-dimensional homoand heteronuclear NMR techniques as used for 4, showing the same sugar moiety. The aglycone B-ring signals of 2 at 7.86 and 7.99 ppm were assigned to H-2 H and H-6 H , respectively, and the cross-peak between the Fig. 1 . The arrows refer to proton and carbon cross-peaks in the HMBC NMR spectrum of peonidin 3-O-(6 HH -a-rhamnosyl-2 HH -b-xylosyl-b-glucoside) showing linkage points between the dierent moieties. Table 3 13 CNMR chemical shifts for the 3-(6 HH -rhamnosyl-2 HH -xylosylglucosides) of cyanidin (1), peonidin (4) and petunidin (2), malvidin 3-rutinoside (5) and delphinidin 3-rhamnoside (3) 
